The purpose of this study is to compare the rate of orthodontic tooth movement in regenerated bone, created after mandibular Distraction Osteogenesis (DO), with the rate of orthodontic tooth movement in patients who had extractions. The sample group (treated subjects) was composed of 14 Class II patients (5 males and 9 females, mean age 25.0±1.1years) treated with a Distraction Osteogenesis appliance; the control group (extraction cases) was composed of 14 subjects (mean age 21.9±3.1 years). Both groups Were followed by conventional orthodontic treatment for space closure. Teeth movements (amount and rate) were evaluated by measuring the distance between the distal wing of the canine bracket and the mesial wing of the first or the second premolar bracket, depending on the group, using Vernier callipers (Dentaurum). Readings were noted every 2 weeks until space closure was completed. In this study the mean duration of the post-distraction orthodontic treatment was 12±O.3 months. Our study showed that the space created by distraction was closed in 1O±1 months; while with conventional orthodontic treatment the average time to complete space closure was 5.90±O.9 months. The average space closure Was 6.50±O.IO mm with conventional orthodontic treatment and 7.90±O.38 mm in the patients treated with DO. The mean rate of tooth movement was 1.27±O.23mm/month in the group with conventional orthodontic treatment and O.68±o.20mm/month in the group treated with DO. Unpaired t test showed . a significant difference between tooth movement in the study sample and in the control group (p<.05). As suggested by most scientific literature, in our sample dental movement was started at the end of the consolidation phase. However, the rate of space closure in the distraction area was higher than with conventional orthodontic treatment. Undoubtedly, this approach can be used for the treatment of very severe skeletal malocclusions and maxillofacial deformities, but it cannot be considered an alternatlve to conventional orthodontic surgery to accelerate treatment because tooth movement in edentulous spaces created by osteodistraction requires more time.
realignment of bone stumps than to induce a real distraction osteogenesis (1) . Codivilla (1905) was the first to combine the techniques of osteotomy and skeletal distraction to achieve lower limb lengthening (2) . Later, in 1951, Ilizarov applied the principles of distraction osteogenesis to orthopaedic practice, to reconstruct long bone fractures (3) . In 1927 Rosenthal applied cranio-facial distraction osteogenesis for the first time to a patient with mandibular hypoplasia (1) . McCarthy et a!. (1992) published the first clinical reports of mandibular ramus lengthening by gradual distraction with the use of an extra oral distraction device (4) . After the experience of Ortiz-Monasterio and Molina, exclusively extra oral appliances were replaced by intraoral devices (I). Polley and Figueroa (1995) proposed a rigid, external, adjustable distraction device to lengthen the entire maxilla for the treatment of severe maxillary deficiency in children and adolescents with cleft problems (KLS Martin, RED@) (5) . Distraction osteogenesis has been successfully used in lengthening the maxilla and mandible through osteotomies in non-tooth-bearing areas posterior to the alveolar process (6) . More recently, some studies have reported on distraction techniques in toothbearing areas (7) . Although the clinical possibility of moving teeth into regenerated alveolar bone is no longer disputed, the best time to start orthodontic tooth movement in the newly-created bone remains a topic of discussion. Clinically, a tooth can be moved into the matured edentulous ridge created by distraction osteogenesis, but theoretically, as a result of a reduced resistance, the rate of orthodontic tooth movement in an immature fibrous new bone, created by distraction osteogenesis, should be faster than in mature bone tissue. Some authors suggest that tooth movement should not begin until the regenerated bone has consolidated for 8 to 12 weeks (8, 9) . However, other experimental studies have shown that tooth movement can begin much earlier in the consolidation period and they suggest that the best time to initiate orthodontic tooth movement appears to be when the edentulous space is still fibrous and bone formation is just beginning (10) (11) (12) . Under this circumstance, orthodontic movement can beas fast as 1.2 mm per week without gingival dehiscence and infrabony defects and still maintain tooth vitality (13, 14) . However previous in vitro studies .regarding orthodontic tooth movement through a segment of fibrous new bone, created by distraction osteogenesis, showed that early tooth movements into the distraction regenerated site is not recommended because it could result in adverse effects to the roots and the supporting structures of the moving teeth (15, 16) . The purpose of this in vivo study was to compare the rate of orthodontic tooth movement in bone regenerate created after mandibular DO with the rate of orthodontic tooth movement in patients treated with extraction followed by conventional orthodontic treatment.
MATERIALS AND METHODS

Subjects
The sample group (treated subjects) was obtained from the records of the author's private practice and consisted of 14 Class II patients (5 males and 9 females, mean age 25.0± 1.1years), treated with a distraction osteogenesis 'appliance, specifically with Mandibular Distraction Osteogenetic Frontal Block (MDO-FB) ( Fig.  I) . For all these patients good quality lateral cephalograms were available. The subjects were selected according to the following inclusion criteria: skeletal Class II malocclusion due to mandibular hypoplasia, ANB greater than 4°, high-angle facial pattern (Sn-Go-Gn 37°± I), full Class /I or end-to-end molar relationships, mild crowding, no history of previous orthodontic treatment or surgery, healthy periodontal condition, healthy medical status, absence of congenital anomalies, identical ethnicity and signed informed consent. The rate of orthodontic tooth movement in regenerated bone, created after mandibular distraction osteogenesis, was compared with the rate of orthodontic tooth movement in 14 patients, control group (extraction cases, mean age 2 J.9±3.1 years), treated with the extraction of lower first premolars. Space closure in both groups was obtained with orthodontic multi bracket treatment and using an clastic tieback module. All patients were bonded with a 0.022 inch slot prcadjusted appliance, MBT'M prescription (17) . Lateral cephalograrns taken before and after space closure were assessed for anchorage loss and root resorption.
Distraction appliance
The distraction appliance MDO-FB (KLS Martin, Tuttlingen, Germany) includes an intra mucosal and an extramucosal component ( Fig. I) .
Pre-distraction orthodontics
In the pre-distraction orthodontic phase the roots of the teeth adjacent to the surgical site, mandibular canine and first premolar, were diverged. This was achieved quite easily with a fixed multibracket device with segmented wires used for a short period oftime (mean treatment time: 2.9±1months).
Surgery and distraction appliance placement
Surgery was carried out under general anaesthesia. A vertical bicortical osteotomy was performed in the area between mandibular first premolars and canines on both sides using a multi-blade bur on the anterior mandibular bone fragment. This surgery was combined with a horizontal bicortical osteotomy of the chin button. Once the osteotomy was completed, the distraction device Was anchored to the bones by means of titanium screws and equipped with a hinge to allow vertical and sagittal movements of the osteotomised bone fragment. The patient began routine oral hygiene and an unrestricted soft diet 24 hours postoperatively. An oral antibiotic, analgesic, and mouth rinse were prescribed for daily usc postoperatively during the following 5-day period (18) . DUring the surgery there were no problems of dental injury, avascular necrosis, or gingival injury.
Latency period
Bone segments were maintained in a neutral position for 7 days facilitating postoperative management and feeding. The patients were scheduled to return to the orthodontic office after a 7-days latency period to begin thc distraction procedure.
Distraction period
On the 8 days postoperative day the extramucosal part of the distraction device was applied inside the extraoral tubes bonded to the bands on the lower first molars. The patients were asked to apply 5-mm activation pCI' day, corrcsponding to a 360 0 rotation of the screw on both the intramucosal and the extramucosul devices. The hole in the mucosa allowing for the daily setting of the Screw was kept open with the aid of a Vioform gauze (Clauden). During this phase (mean duration 21±4 days) the patients were seen every two or three days to ensure that the appliance was being activated and to keep track of the total amount of distraction (Fig. 2) . Once the desired amount of distraction was achieved, the exact position of the bone segment was confirmed by a latcro-latcral teleradiography (Fig. 3) . A flowable composite was used to seal both telescopic screws of the appliance in order to prevent any back-turning of the screw mechanism.
Consolidation period
At the end of the device activation time (mean 21±4 days) all ligatures were removed from thc tccth adjacent to the area of DO allowing for their migration. This prevents early cortiealization and the consequent increased risk of teeth ankylosis. The appliance was not removed until bony bridging of the adjacent side of the osteotomy was complete (19) . The patients were scheduled to return to the orthodontic office after an 8-12-week consolidation period to begin the orthodontic tooth movement procedure.
Removal ofthe extramucosal distraction device
Thirty days after the end of the activation period, the extramucosal appliances were easily removed with stab incisions under local anaesthesia. A rigid lingual archwire was applied to continue the treatment throughout the consolidation period.
Post-distraction orthodontics (orthodontic tooth movements)
Whcn bone consolidation was completed, the rigid lingual archwire was removed and we started closing spaces. The duration of orthodontic treatment in the postdistraction period was longer than in the pre-distraction .phasc. Since thc mandibular canine and first premolar brackets had previously been angulated to move roots apart, these brackets were rcbondcd in their correct positions and 0.016 Heat Activated Nickel Titanium (HANT) opening wires were inserted. After one month, the wires were changed to 0.019X.025 HANT and thcy were replaced after another month by 0.0 19X.25 SS wires with soldered hooks between lateral incisors and canines, Active tiebacks were placed between the soldered hooks on the wire and the hooks on the tube of the lower first molar. The force required for space closure was delivered by clastic tiebacks (100 gr). An clastic module stretched by 2-3 mm (twice its normal length) usually delivers 004-1.5 mm space closure per month (20) . The tiebacks were replaced every four to six weeks, The cases were then finished with light vertical elastics on light wires in thc buccal segmentsto improve intcrcuspation, Total treatment time was 12±I months. Retention was performed with an upper removable vacuum formed retainer and a lower fixed 3-3 retainer,
Rate oftooth movement
Teeth movements (amount and rate) were evaluated by measurements taken with Vernier callipers (Dcnraurum): on the sample group (treated subjects), the distance between the distal wing ofthc canine bracket and the mesial wing of the first premolar bracket and on the control group (extraction subjects) the distance between the distal wing of the canine bracket and the mesial wing of the second premolar bracket. Readings were noted every 2 weeks until space closure was completed, With this approach the amount of space closure can be carefully assessed without including the opening of undesired spaces.
Error of the method
All measurements were made by the same operator and were checked by a second operator. Any disagreements were resolved to the satisfaction of both observers. The error of the method was calculated with the formula described by Dahlberg. Fifteen patients were randomly selected and re-observed by the two operators; the measurements were re-assigned twice by the same observers. In addition, systematic error and the coefficient of reliability were determined as suggested by Houston. No systematic errors were detected and the errors of the method were within acceptable levels (~0.5mm); Houston's coefficient of reliability was greater than 90% for all measurements (21) .
Statistical analysis
Descriptive statistics were calculated as means ± SD and 95% of confidence limits wherever applicable. An independent-sample Student's t test was used for groupwise comparisons. Statistical significance was established at a P value of 0.05. All tests were performed using the Statistical Package for Social Science (SPSS for Windows, Inc., Chicago, Illinois, USA).
RESULTS
In the present study the mean duration of the Post-distraction orthodontic treatment (orthodontic tooth movements, finishing) was l2±O.3 months. The teeth moved into the edentulous segment created by distraction using active tieback in IO±I months; the average time to complete space closure was 5.90±O.9 months with the conventional orthodontic treatment. The average space closure was 6.50±O.IOmm with conventional orthodontic treatment and 7.90±O.38 mm in the group treated with DO. The mean rate of tooth movement was 1.27±O.23 mm/month in the conventional orthodontic treatment group and O.68±O.20mm/month in the group treated with DO (Table I) . Unpaired t test showed a significant difference in tooth movement between the study sample and the control group (p<.05).
DISCUSSION
The orthodontic treatment of patients undergoing orthognathic surgery includes two phases, one before surgery and one after. Their characteristics and aims differ depending on the type of surgery: traditional or distraction osteogenesis. In the case oftraditional jaw surgery the general criteria of orthodontics require a pre-surgical treatment including dental alignment, intrusion, co-ordination of dental arches and, if necessary, their decompensation. The treatment time depends on the severity of the malocclusion. The reference used to establish the treatment plan is the upper central incisor. Sometimes achieving the ideal position for the upper central incisor may require some extractions and in most cases the malocclusion becomes more severe before surgery. Post-surgery orthodontics implies all finishing procedures (extrusions, root parallelism, finishing). The time required for these procedures is rather uniform (mean 6±1 months) (22) . Conversely, in accordance with general criteria, the duration of pre-surgical orthodontic treatment before distraction orthodontic surgery is much shorter (2.8±O.1 months), the aim being to move the roots far from the osteotomy site without performing any correction ofthe malocclusion (1, (7) (8) (9) . Post-distraction orthodontic treatment including space closure, levelling and alignment will instead take more time (up to 18 months) since the amount of tooth movement to achieve is larger. In addition to the larger number of orthodontic movements to achieve in the post-distraction phase, one should also take into account the rate of tooth movement in the new bone generated after distraction. The purpose of this study is to compare the rate oforthodontic tooth movement into new bone regenerate created after mandibular DO with the rate of orthodontic tooth movement into mature bone tissue. As suggested by most experimental studies, in our sample dental movement was started at the end of the consolidation time (8, 9, 15, 16) . However, our in vivo study showed that the rate of space closure in the distraction area was higher than the rate of space closure with conventional orthodontics. In conclusion, the purpose of this study is to highlight the need for careful assessment of working time on patients undergoing distraction osteogenesis, and to revaluate the ideal timing of tooth movement after distraction osteogenesis, in order to reduce the treatment time in the post-distraction orthodontic phase. Undoubtedly, this approach can be used for the treatment of very severe skeletal malocclusions and maxillofacial deformities, but it cannot be considered an alternative to conventional orthodontic surgery to shorten treatment time because tooth movement . requires more time.
